Abstract-We determined whether the benefits of directed rehabilitation for pain, depression, and satisfaction with life persisted for veterans who were nonambulatory after spinal epidural metastasis (SEM) treatment. Twelve consecutive veterans (paraplegic after SEM treatment) who received 2 weeks of directed rehabilitation were compared with a historical control group of thirty paraplegic veterans who did not receive rehabilitation. Subjects were followed until death. Pain levels, depression, satisfaction with life, and consumption of pain medication were measured. Subjects who received rehabilitation had less pain, consumed less pain medication, were less depressed, and had higher satisfaction with life. The benefits to the rehabilitated subjects persisted until their deaths. We conclude that spinal cord injury rehabilitation for nonambulatory subjects with SEM produces persistent benefits for pain, depression, and satisfaction with life.
INTRODUCTION
Many types of cancer metastasize to the spinal column, and 5 to 10 percent of people with cancer will develop a symptomatic spinal epidural metastasis (SEM) [1] [2] [3] [4] . SEMs are present in the autopsies of one-third of cancer patients [5] . The annual incidence of SEM in the United States increased from ~18,000 in 1987 to ~25,000 in 1996 [4] .
Pain control is an important issue for people with cancer, especially epidural cancer [6] [7] [8] [9] [10] [11] . In studies of SEMs, pain was usually the initial manifestation of the spinal cancer and the most common symptom when the SEMs were recognized [3] [4] . Less than 5 percent of people with SEM have no pain [1] [2] [3] [4] . Prior studies demonstrated pain reduction following treatment with glucocorticoids and radiation therapy (RT) but did not report on pain for the remainder of the lives of the subjects with SEM [3] [4] [11] [12] [13] [14] [15] .
We previously reported on the impact of rehabilitation for people who could not walk after completing SEM treatment [16] . Providing a 2-week directed rehabilitation training program related to skin care, transfers, incentive spirometry, and bladder and bowel management resulted in longer survival. Nonambulatory patients who received rehabilitation had a median survival of 26 weeks compared with 6 weeks for patients who did not receive rehabilitation. In addition, subjects who received rehabilitation had lower levels of pain, less depression, and higher satisfaction with life at the end of the rehabilitation program compared with a historical control group that was assayed at the comparable time of 2 weeks after completion of SEM treatment. However, the benefit of the rehabilitation program would be diminished if the improvements in pain, depression, and satisfaction with life did not persist. The rehabilitation program would be of dubious value if pain and depression returned and patients lived an extended period with discomfort and little satisfaction with life.
Here, we expand on the findings of our prior study of the impact of providing spinal cord rehabilitation to people who cannot walk after SEM treatment [16] . We report on the measures of pain, consumption of pain medication, depression, and satisfaction with life from the time of SEM treatment until death. The subjects who received directed rehabilitation maintained lower pain levels, consumed less pain medication, were less depressed, and had higher satisfaction with life for the remainder of their lives. In contrast, the subjects who did not receive rehabilitation remained depressed, maintained high pain levels despite increased pain medication use, and had declining satisfaction with life in the interval between completion of SEM treatment and death.
METHODS
Two groups of subjects were prospectively evaluated. The historical control group consisted of 30 subjects who were unable to walk after completing SEM treatment. These subjects did not receive spinal cord rehabilitation and are hereafter referred to as the "No Rehab" group. The second or intervention group contained 12 consecutive patients who were unable to walk after completion of SEM treatment. These subjects were offered and participated in a 2-week program of directed rehabilitation and are hereafter referred to as the "Rehab group." Patients were considered ambulatory if they could walk without human assistance at least 50 feet without stopping. Both patient groups were treated at the Louis Stokes Cleveland Department of Veterans Affairs Medical Center (LSCVAMC). The No Rehab subjects were initially seen from March 1993 to December 1996. The Rehab subjects were evaluated from July 2001 to September 2004. We previously described additional details about the No Rehab [11] and Rehab groups [16] . SEM was diagnosed in all subjects by magnetic resonance imaging of the spine with a 1.5 T magnet-strength imaging machine. The SEM treatment for all subjects was RT combined with glucocorticoid medication (dexamethasone). Details of the SEM treatment were previously described [11] . All subjects reported here received the same RT protocol and dexamethasone dose.
The rehabilitation program emphasized training in transfers, bowel and bladder care, incentive spirometry, nutrition, and skin care. The 12 Rehab subjects began their programs within 1 day of completing SEM treatment. Consequently, the measurements made 2 weeks after completion of SEM treatment for the No Rehab group were temporally comparable with measurements made at the completion of rehabilitation for the Rehab group. We previously provided additional details about the rehabilitation program [16] .
All patients had had detailed neurological physical examinations prior to SEM treatment, including classification of the severity and level of the myelopathy based on the American Spinal Injury Association (ASIA) classification system [17] . Briefly, the grades on the ASIA scale are as follows: A = complete myelopathy, B = sensory sparing without motor function, C = partial motor sparing with most tested muscles graded at <3/5 (not antigravity) on manual muscle testing, D = more complete motor sparing with most tested muscle graded at >3/5, and E = no motor or sensory deficit. Patients were followed until their deaths. All patients were evaluated 2 weeks after completing SEM treatment, which corresponded to the end of the rehabilitation training program for the 12 Rehab subjects. After that point, all patients were followed by telephone contacts every 2 weeks, home visits every month, and outpatient visits every 3 months.
This study was approved and continuously reviewed by the Quality Assurance Committee of the Department of Neurology at Case Western Reserve University, the LSCVAMC Quality Assurance Service, the LSCVAMC Clinical Executive Committee, and the LSCVAMC Institutional Review Board.
Outcome Measures
The outcome measures were self-reported pain levels, consumption of pain medication, depression, and satisfaction with life. We assayed outcome measures from the time of SEM diagnosis until death. We reported pain levels measured when SEM was diagnosed, before SEM treatment started, and after completion of SEM treatment. In addition, we recorded pain levels and consumption of pain medication 2 weeks after completion of SEM treatment and at all subsequent telephone contacts, home visits, and outpatient appointments, which occurred at least every 2 weeks. The final measures of pain and consumption of pain medications were obtained within 2 weeks of each subject's time of death. We assayed depression and satisfaction with life at the completion of SEM treatment, 2 weeks after completion of SEM treatment, and at each outpatient appointment and home visit. The last assays of depression and satisfaction with life were obtained within 1 month of each subject's death.
Pain and Pain Medication Consumption
Patients scored the highest pain level that they had experienced during the prior 24 hours on a numerical rating scale from 0 to 10, with 0 being no pain and 10 unbearable pain [18] . Patients with pain levels of 4 or less were offered 650 mg of acetaminophen four times a day for their pain. Patients with more intense pain were also offered nonsteroidal anti-inflammatory drugs (NSAIDs) and opioid medications. The amounts of acetaminophen, NSAIDs, and opioid medications required to treat pain were monitored for both patient groups. We used a standard equianalgesic pain medication conversion table [19] to compare the amount of pain medications (opioid alone and total of all pain medications) study subjects consumed each day.
Depression and Satisfaction with Life
Depression was assessed with the Beck Depression Inventory-Second Edition (BDI-II) [20] . Self-perceived satisfaction with life was assessed with the Satisfaction with Life Scale (SWLS) [21] [22] . We previously reported the reliability and validity of the BDI-II and SWLS and their relevance to patients with spinal cord injury (SCI) and cancer [16] .
Statistical Methods
We compared ASIA grades using the chi-square test or Fisher's exact test. Some secondary outcome measures showed nonnormality when the boxplot, histogram, and normal probability plot (normal Q-Q plot) of the data were checked [23] . Hence, we used the two-sample Wilcoxon Rank Sum Test [24] , a nonparametric test also known as the "Mann-Whitney" test, to analyze all the outcome measures. The Wilcoxon Rank Sum Test requires that all the values in each sample follow the same continuous distribution and that, within each sample, the values are independent and identically distributed, which were reasonable assumptions in this study. We constructed random coefficient models to compare the two groups' temporal trends for each outcome variable [25] [26] . The random coefficient models lead to covariance models that acknowledge variance in the outcome measures associated with longitudinal collection of data. We constructed analysis of variance (ANOVA) F-type tests [27] based on the random coefficient models to test for time trends in the outcome measures.
RESULTS
Values are shown as mean ± standard error of the mean unless otherwise noted. As previously noted, the subjects in the two groups had similar ages, levels of education, types of cancers, and levels of spinal cord dysfunction [16] . The mean age for the Rehab group was 67.8 ± 2.9 years compared with 69.1 ± 1.6 years for the No Rehab group. The number of subjects in each ASIA grade after completing SEM treatment were as follows: Rehab = 6 ASIA A and 6 ASIA B; No Rehab = 11 ASIA A, 13 ASIA B, and 6 ASIA C.
Pain
At the onset of SEM treatment, patients indicated their highest pain levels within the past 24 hours using the 0 to 10 pain scale. The two groups had similarly high levels of pain before SEM treatment ( Table 1) . Pain levels for each group were lower after SEM treatment compared with before SEM treatment (p < 0.001). Both groups reported decreased pain, to a similar degree, in association with SEM treatment. Pain values did not vary according to the subjects' ASIA levels before or after SEM treatment.
Pain levels differed significantly 2 weeks after completion of SEM treatment ( Table 1) . Pain levels for the No Rehab group did not change during the 2 weeks after completion of SEM treatment. In contrast, after the 2-week rehabilitation program, the Rehab group had lower pain levels than the No Rehab group and lower pain levels than prior to their entry into the rehabilitation program (p < 0.001 for both comparisons).
All patients were followed until death. Each subject's final pain level was recorded within 2 weeks of death. The Rehab group had lower final pain levels than the No Rehab group (p < 0.001) and lower pain levels than at the completion of the rehabilitation program (p < 0.001). The pain values for the No Rehab group did not improve after completion of SEM treatment ( Table 1) .
The lower pain levels reported by the Rehab group compared with the No Rehab group were not due to more aggressive medical treatment of pain for the Rehab subjects. To compare the amount of pain medications consumed by subjects, we converted total daily intake of acetaminophen, opioid medication, and NSAIDs to equivalent oral doses of morphine sulfate using standard pain medication conversion formulas ( Table 2 ) [19] . At both 2 weeks after completion of SEM treatment and the last measure before death, subjects in the Rehab group consumed less opioid medication and less total pain medication (sum of acetaminophen, opioid medication, and NSAIDs) compared with subjects in the No Rehab group. At 2 weeks after completion of SEM treatment, subjects in the Rehab group consumed only 35 percent of the dose of opioid medications and 32 percent of the total pain medication dose compared with subjects in the No Rehab group.
Pain medication consumption for the Rehab subjects decreased in the interval between completion of SEM treatment and death. In contrast, pain medication consumption for the No Rehab subjects increased in the interval between completion of SEM treatment and death. At death, subjects in the Rehab group consumed only 5 percent of the dose of opioid medications and 5 percent of the total pain medication dose compared with subjects in the No Rehab group ( Table 2) .
Depression
The Rehab and No Rehab groups had similar BDI-II scores at the completion of SEM treatment (Table 3) . However, from 2 weeks after completion of SEM treatment until subject death, the Rehab subjects had lower BDI-II scores. The Rehab group's mean BDI-II score after the 2 week course of rehabilitation corresponded to minimal-to-mild depression. In contrast, the No Rehab group's mean BDI-II score indicated severe depression. At the last assessment before death, the Rehab group subjects had minimal depression, whereas the No Rehab group's BDI-II scores still corresponded to severe depression.
Satisfaction with Life
At the completion of SEM treatment, the two subject groups' SWLS scores were similar and indicated that the subjects were dissatisfied with life ( Table 3 ). The SWLS scores for the No Rehab group did not improve after completing SEM treatment. The final SWLS scores for the No Rehab subjects were lower than their values after completion of SEM treatment (p < 0.01, Table 3 ). In contrast, the Rehab group had higher SWLS scores after Table 1 . Pain scores reported by subjects before, upon completion of, and 2 weeks after completion of spinal epidural metastasis (SEM) treatment, as well as last pain value before death. Pain rated on 0 (no pain) to 10 (unbearable pain) numerical rating scale. completion of rehabilitation compared with the start of rehabilitation (p < 0.001). At completion of the rehabilitation program and thereafter, the Rehab group had higher SWLS scores compared with the No Rehab group ( Table 3) . After completion of the rehabilitation program, the Rehab group's SWLS scores indicated satisfaction with life.
Time Trends for Outcome Measures
Our primary study question was whether subjects who received rehabilitation had reduced pain, consumption of pain medication, and depression and increased satisfaction with life that persisted for the remainder of their lives. Since we collected the data longitudinally, we considered regression models for each outcome measure during the intervals from initial evaluation until death. We then tested whether the time trend for each outcome measure was statistically different between the two groups. Three primary sources of random variation for our longitudinal data were (1) variation among subjects, (2) variation within subjects, and (3) variation caused by the process of measuring a particular subject at a particular time. These variation sources played an important role in determining the nature of the covariance matrix of the data. Analyzing the data with a conventional linear regression model that assumed independent identical distributed random errors for the data would not have been appropriate. The random coefficient models led to covariance models that accommodated the potential variations just discussed [25] [26] . The resulting statistical models allowed us to test for differences in the time trends of the outcome measures using ANOVA F-type tests [27] . As shown in Table 4 , the time trends significantly differed between the groups for each outcome measure. The data in Table 4 statistically supports the assertion that subjects who received rehabilitation had reduced pain, consumption of pain medication, and depression and increased satisfaction with life that persisted for the remainder of their lives.
DISCUSSION
Our findings suggest that the 2-week program of directed rehabilitation was associated with reduced pain and depression and improved satisfaction with life that persisted for the remainder of the subjects' lives. We believe that the differences in outcomes resulted from the 2-week rehabilitation program. However, other factors could have contributed to the differences in the two groups' outcomes. The Rehab and No Rehab groups were evaluated at different times. The software for the magnetic resonance imager used to diagnose SEM was upgraded several times during the interval between enrollment of the first subject in the No Rehab group and the last subject in the Rehab group. However, we do not believe that upgrades in the imaging software appreciably affected the outcomes of the two study groups. 
Table 4.
Tests of time trends for two groups (rehabilitation vs no rehabilitation) based on random coefficient models. Analysis of variance F-type tests were used. All time trends significantly differed between groups for each outcome measure (p < 0.001). Improvements in imaging techniques could have enhanced recognition of SEM for patients with minor lesions. However, the subjects in this study all had severe, easily visualized spinal canal lesions [11] . We are unaware of any changes in the SEM treatment protocol during the period when the No Rehab subjects were treated compared with the period when the Rehab subjects were treated. The definition of the RT ports and RT dosing did not change after 1991, when we increased the margins of the RT ports to reduce the likelihood of local reoccurrence of SEM [28] . Alterations in the SEM treatment protocol could have altered the likelihood of improvements in SEM-induced myelopathy during SEM treatment. However, the two study groups included patients who did not improve during SEM treatment. Despite our argument that the two subject groups had similar SEM treatment, unrecognized differences in the experiences of the two groups could possibly have contributed to the differences in outcomes. The two groups had different dispositions [16] . Most (75%) of the subjects in the Rehab group were discharged home, whereas only 20 percent of the No Rehab group returned home. The subjects who did not return home were transferred to the LSCVAMC long-term care unit. We believe that a larger fraction of the Rehab subjects returned home because the rehabilitation program prepared them and their caregivers to accomplish activities of daily living at home. We are unaware of changes in discharge disposition policy at the LSCVAMC during the study period that would have increased the Rehab group's likelihood of disposition to home. However, unrecognized changes in care delivery may have contributed to more of the Rehab group being discharged home.
Analysis
Another group difference that likely contributed to the differences in pain, depression, and satisfaction with life was that the Rehab subjects were more likely to be able to transfer independently [16] . None of the No Rehab subjects were able to independently transfer, whereas 67 percent of the Rehab subjects were able to independently transfer from bed to wheelchair. In addition, the subjects and caregivers in the Rehab group were taught to manage bowel and bladder function. We believe that the Rehab group's increased likelihood of returning home, independently transferring, and having bowel and bladder management programs contributed to their higher satisfaction with life and may have elevated mood and reduced perceived intensity of pain.
Several factors likely contributed to the pain experienced by the subjects [7, [29] [30] [31] [32] [33] . Pain associated with SCI can result from damage to pain transmission and modulation pathways [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] . In addition, pain may be due to cancer metastasis to bone and other processes involved in cancer pain [6] [7] 9, 44] .
Rehabilitation training included training in transfers and skin care. The increased mobility that these subjects gained from training in transfers and skin ulcer prevention may have contributed to lower pain levels. The continued reduction in pain levels after completion of SEM treatment for the subjects who received rehabilitation compared with the subjects who did not receive rehabilitation may be partly due to prevention of pain from skin ulcers or inactivity-related joint pathology [40] [41] .
Pain was addressed in the study subjects with acetaminophen, opioid medication, and NSAIDs. Recent studies indicate that specific anticonvulsant medications may help reduce pain associated with SCI [35, 37] . These anticonvulsants may impact pain by interacting with gamma-aminobutyric acid receptors, by inhibiting the actions of excitatory amino acid neurotransmitters, or by both mechanisms [29, 33, [35] [36] [37] 43, 45] . The subjects in this study were not treated with anticonvulsant medication for pain because anticonvulsant medications had not yet been proven useful for treating SCI-associated pain. Consequently, treatment with anticonvulsant medications did not contribute to differences in pain levels between the study groups. Table 2 indicates that the improved pain levels for the Rehab subjects were not due to increased consumption of pain medications. Rather, higher pain levels were associated with higher consumption of pain medication. While opioid medications are used to reduce pain, they may alter sleep patterns and thus have adverse effects on perceived levels of pain [40] .
As previously discussed, a weakness of this study was the temporal separation of the two groups' evaluation periods. A more convincing protocol for evaluating BDI-II = Beck Depression Inventory-Second Edition, SWLS = Satisfaction with Life Scale.
Table 4.
Tests of time trends for two groups (rehabilitation vs no rehabilitation) based on random coefficient models. Analysis of variance F-type tests were used. All time trends significantly differed between groups for each outcome measure (p < 0.001).
the impact of rehabilitation for people unable to walk after SEM treatment would be a randomized multicentered clinical trial. Hopefully, the findings presented here and previously [16] will stimulate and justify a randomized clinical trial.
CONCLUSIONS
This study suggests that rehabilitation designed to help patients and their caregivers accommodate to the challenges produced by SCI should be offered to people who have severe myelopathy after RT treatment for SEM. Patients who received rehabilitation not only lived longer but also had better quality of life for the remainder of their lives. The value of rehabilitation is solidified by the finding that the benefits of rehabilitation on pain, depression, and self-perceived quality of life persisted for the remainder of the subjects' lives.
